I. INTRODUCTION
Inductively coupled technique is used for energizing devices employed in inaccessible locations. Such devices need power in the range of nanowatts for RFIDs, in milliwatts in the case of implantable, in watts for mobile devices, and in kilowatts in Electric Vehicles. Such technique is soon to see manifold growth in the near future for powering connected to the internet of many more machines and things forecasted to grow by ten times more than the human population over the next decade [1] . The efficiency of the inductively coupled link is maximized for power transfer by means of magnetic coupling at resonant frequency especially from a source coil (or antenna) to multiple receiver coils or TAGs, wirelessly [2] . The link to a TAG can be bi-directional, and the power that is delivered to an RFID tag is analysed as a function of mutual inductance that is coupled between the tag's loop antennas and the reader along with the effect of a circuit acting as matching impedance [3] . Inductive coupling approach has been utilized for measurement of circuit elements under DC biasing, basically using the same energy harvesting technique [4] .
The load of choice is selectively chosen using resonant frequency technique adaptive to a physically linked parameter. The coil shape, sizes of wire, coaxial, and misaligned count as considerable as the stability of the resulting DC voltage on the load side [5] [6] . The rectifiers with the resulting DC supply suffer from the interference of spikes are addressed in [7] . The strength of coupling such as mutual inductance and coefficient of coupling, quality factor, size & geometry of the coils make up deciding factors for efficiency of the link, both in terms of power delivery or signal retrieval. Accordingly source as well load matching are other factors considered in recently reported work [8] [9] . Other means of wireless power transfer are explored including the designing for operation at different frequencies between 5.2 and 5.8GHz [10] . In a multi-receiver magnetic coupling based wireless power transfer, not only high transfer efficiency rather impedance matching is used for satisfying effective power division conditions [11] [12] [13] [14] . The same technique is making a hot topic in the development of a self-powered, battery-free current sensor node for large WSNs for monitoring in large buildings or for the extraction of incircuit impedance of the electrical system [15] [16] .
This paper explores experimentally a typical WPT system made from transmitter-receiver coils of known dimensions. Analyses of the coil geometries and line of sight orientation, and effect of resonant frequency on the power transfer efficiency is presented. In the literature, similar works have been carried out, but all researchers mentioned that if the source coil size is increased, the efficiency is increased. However, none of them have proved it experimentally with valid data collection. Hence, in this paper the wireless power transfer system is experimentally modelled with different sized source coils to prove that the efficiency increases as the coil size increases. Additionally, a simple H bridge circuit has been designed to supply AC pulses to energize the source coil to produce the required magnetic field. This paper is organized such that: Section II briefly explains the basic theory involved, Section III describes the developed transmitter circuit to supply the resonant pulses to the source coils, and Section IV gives a detailed analysis with conclusion comparing theoretical and experimental values drawn in Section V.
II. WPT SYSTEM WITH EXPERIMENTAL MODEL
An overall block diagram of a typical Wireless Power Transfer (WPT) system is as shown in Fig. 1 . The source driving the transmitter coil is originally from the DC source one would like to transfer. A high quality factor (Q) coil peaking to its maximum amplitude at resonance frequency with a low rate of energy loss is a preferable choice. Thus a transmitter-receiver pair at the same resonant frequency guarantees maximum power transfer efficiency besides other dimensional factors such as the number of turns of the coils, and coils' radii. Accordingly, the source coil is generating a stronger intensity of AC magnetic field for being received by the receiver coil. Hence we have a larger secondary voltage even over a wider air-gap with minimum loss. The transmitter and receiver sides are fine tuned to similar resonant frequency in order to ensure compensation for the issues on the two sides related to the stray or intern-turns elemental capacitance values, if any. The above system is consisting of other complementary modules such as tuning capacitors on both sides, AC/DC & DC/DC converters, load or battery to be charged. The DC supply provides the energy required for this system using the inverter and is inductively coupled to the source coil, which in turns magnetically transmits energy to the distant load or battery we would like to charge. Fig. 2 shows the basic experimental setup. The transmitter circuit consists of 555 timer and L293d H bridge chip as the oscillator and the alternator respectively. The 555 timer is supplied with 5V dc and the pulse output is fed into the Hbridge chip. The H-bridge chip is supplied with 10V dc and the output of the H-bridge chip is an AC square wave of 10V. This AC voltage is supplied to the primary coil in order to transmit it wirelessly to the secondary coil.
The load-coil being in the range of the magnetic field induces a similar shaped pulsed voltage under the resonant frequency conditions similar to those of the source-coil. The resulting pulse voltage is rectified before it is stabilized for producing a DC voltage suitable to power up the remote inaccessible device or charge up a battery. The dimensions for single -loop uniform sized circular coil are listed in Table 1 . The source-load coil pair making the core of the transfer of power in the WPT system is modelled as consisting of a source with a frequency for driving the magnetic field. The sourcecoil along with the capacitor makes an LsCs tank making up the source part of the WPT system. Similarly, LLCL makes up the load tank, is tuned to a frequency similar to that LsCs tank for feeding a load (made of LEDs connected in parallel). The circuit schematic is modelled as shown in Fig. 3 .
Assuming, all currents and voltages in r.m.s values, one can solve the system by (1)
It is evidenced that power can be a maximum value at resonance condition (reactive parts of impedance cancel each other). Then, the power supplied by the source, and that transferred to the load can be defined as efficiency:
In resonance mode
, the circuit can be redrawn using circuit analysis method is shown in Fig. 4 . 
On the load side, the receiver total impedance should be matched conjugate with load coil impedance LL to gain the maximum power 
In same way, receiver power across the load coil is,
By integrating Biot-savart's law [17] , [18] around the source coil, the magnetic field vector at the load coil can be obtained as,
The magnitude of field produced in (8) depends on the shape and placement of source as well as the size and shape of load coil. The generated voltage at the load coil is considered as a closed loop and defined as a Faraday's law by rate of change of flux (B) in the surface (S) of the coil:
An equivalent representation of (8) is fixed here from [18] :
where L A is area of the load coil, 0  is Permeability of free space, and H is a magnetic field value calculated by (8) .
Relating (8), (10) and substituting in (7) and (2), for a pair of strongly coupled solenoid coils, yields
The WPT efficiency increases by reducing the parameters involved in the eqn. (11) , an obviously clear conclusion one can draw.
The resonant frequency of the coil model is derived fundamentally by considering a circular copper coil of area 314.16 cm 2 , inductance 10 µH and the capacitance 78.6 nF, which is given by the following expression. 
The efficiency for the above resonant frequency is as shown in Fig. 5 . Thus, the resonant frequency obtained is 180 kHz for this coil model. Hence, the source, which is the most important part, consists of a circuit driving transmitter coil at 180 kHz resonant frequency from an input of 24V, 0.28A DC source. 
IV. CIRCUIT SIMULATION AND WORKING PRINCIPLE
The source coil circuit is simulated as shown in Fig. 6 which employs very simple lumped electronic components in order to get better performance of the wireless power transfer system. The 555 timer employed in this circuit acts as a function generator, in order to generate a 180 kHz pulse. The astable mode of the 555 timer is used to generate the output pulses at the required frequency and with appropriate duty cycle. Here, the voltage regulator is used to generate a constant 12V output DC voltage from a 24V input supply to trigger the working of the 555 timer. In this circuit, the 24V input voltage is supplied to the coil and the 555 timer along with the H Bridge generates the pulse to the coil. When the applied DC voltage and generated pulse collide at the same point, AC voltage is generated, which is transmitted wirelessly as a power. The non-smoothened AC generated at the output of the 555 timer, which is then given to MOSFET switch in order to generate the resonant AC pulses. The receiver coil side is simulated as shown in Fig. 7 from very simple lumped electronic components in order to get better performance of the wireless power transfer system. A full-wave rectifier is used for converting AC into DC which is stabilized before it is applied to the load. 
V. EXPERIMENTAL RESULTS
The proposed system performance is evaluated to determine the optimum source coil, effect of resonant frequency and load coil geometry. First the optimum area of the source coil calculated theoretically is validated experimentally. The coil area is calculated in order to analyze the distance and efficiency in wireless power transfer application. This is done by keeping the size of the load coil to be fixed as 15.36cm 2 with a Light Emitting Diode (LED) and the size of the source coil is changed accordingly. The source coil and load coils are kept in straight line for higher efficiency. The distance measured for various source coil area, for which strong inductive coupling exists through which maximum power is transferred wirelessly, is plotted as shown in Fig. 8 . It is observed that the power is wirelessly transmitted to a longer distance as the size of the coil increases. Hence, the transmitter coil size is chosen to be 314.16 cm 2 , which covers the distance of 15 cm to transmit the power wirelessly, with the receiver coil size fixed to be 15.36cm
2 .
The second experiment is done to achieve high transmission efficiency through which the power must be transmitted at resonant frequency between the transmitter and receiver. Based on the designed resonant frequency, the load coil is constructed to be same as the source coil, and tested to measure the power transferred wirelessly for a fixed distance of 15cm. However, to ensure that this is the optimum resonant frequency, the system has been tested at various resonant frequencies for the same sized coils and fixed distance. The output voltage received at the load coil is measured for various resonant frequencies and a graph is plotted as shown in Fig. 8 , for an applied input voltage of 24V. source and load coils are fine-tuned at the resonant frequency, which is proved both theoretically and experimentally.
Finally the load coil geometry analysis is carried in order to determine the geometry of the load coil, by keeping fixed source coil geometry for maximum efficiency. The shapes for the load coil can be circular, rectangular and ellipse. The load coil geometry is analyzed by using circular shaped coil by keeping the transmitter coil size fixed to 314.16cm 2 as the optimized value and the receiver coil size geometry is changed accordingly and is placed at the center of the source coil at various distances for strongly inductive coupling. Thus the testing is done with the optimized circular larger sized source coil with different sizes of the load coils, measuring the applied input voltage at the transmitter and received output voltage. The output voltage measured and the efficiency for various sizes of circularly shaped load coil is tabulated and graphed in Fig. 10 and Fig. 11 . It is observed that the efficiency increases as the load coil size increases. Thus, it is concluded that the efficiency is at its maximum of 95%, when the load coil size is same to the source coil size, at a fixed distance of 15cm.
VI. CONCLUSION In this paper, the importance of the source coil size governing the efficiency is demonstrated experimentally with the help of a source -load coil pair for WPT. It has been modeled and analyzed using circular shaped coil for different geometrical dimensions with the inclusion of simple H Bridge based conditioning circuit. The efficiency has been derived analytically, validated experimentally and observed to be at its maximum, when both the same sized coils are at the resonant frequency through inductive coupling. Thus, the efficiency reaches its maximum, when both the coils are at a very close proximity such that their magnetic fields are coupled strongly for shorter distance. This feature of the proposed system allows transfer of power such as charging of electronics devices, electrical vehicles and so on, for shorter distance with an applied voltage of 24V at the resonant frequency of 180 kHz. 
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